
 !"#$% 1 &!'(!)$*!+"$! '+,'-. $ /!)'0'1'2$%  

$/$)3#$',,'2' $ "'/41!"+,'2' /'0!1$('-3,$% 

 

 

 !!"#-2011 156 

56789:;6<=>:8 : ;= ?8& @AB8;6< B;=C&=9D>EF  56 

<. >. G30'('H,.I (6/+"), 6. :. CJ)JK'- ( 3,")-L!)!(MJ(2)  

<-!0!,$! 

 !"#$"#% #!#&'""#!()* (+,-./, !#$+'0'""12 ('3'/#004"./,5.#""12 !'('% ! 

/#004(,5.'% 6,/'(#$ 7$37'(!7 '8# 0,!9(,&",7 ."$,+.,"("#!() (-+,/(,3)"#!()), #/,-

:1$,*;,7 !4;'!($'""#' $3.7".' ", /,<'!($# !$7:. [1–3]. =!!3'>#$,".7 (+,-./, /#"-

5'"(+.+4*(!7 $#/+48 !(,(.!(.<'!/.2 2,+,/('+.!(./ #<'+'>'%, 6#!/#3)/4 &4-'+.:,5.7 

!##&;'".% +,!!0,(+.$,'(!7 /,/ #!"#$",7 #&'!6'<.$,*;,7 +'!4+!,0. !(+,('8.7. ?(, 

#&3,!() .!!3'>#$,".% 2,+,/('+.:4'(!7 $ [3] !3'>4*;.0 #&+,:#0: «@ 1993 8. !'"!,5.'% 

$ #&3,!(. 0#>'3.+#$,".7 2,+,/('+.!(./ !'('% !(,3 >#/3,>, 6+'>!(,$3'""1% !6'5.,3.-

!(,0. .: /#06,".. BellCore . A#!(#"!/#8# 4".$'+!.('(, … ?(#( >#/3,> 6#> ",:$,".'0 

"  -+,/(,3)"#% 6+.+#>' (+,-./, $ Ethernet", 6# 0"'".* "'/#(#+12 !6'5.,3.!(#$, 

7$.3!7 ",.&#3'' :",<.('3)"#% +,&#(#% 6# $1<.!3.('3)"10 !'(70 :, 6#!3'>".' >'!7() 

3'( … B':43)(,(1 "#$#8# $:837>, ", 6+.+#>4 !'('$#8# (+,-./,… #:",<,*(, ",6+.0'+, <(# 

5'3,7 #&3,!() 6+#'/(.+#$,".7 /#06)*('+"12 4!(+#%!($ – 6#!(+#'".' &4-'+#$ . 46+,$3'-

".' .0. – "4C>,'(!7 $ +,>./,3)"#0 6'+'!0#(+'…  >",/# !+'>. !6'5.,3.!(#$ 6#/, "'( 

'>."#8# 0"'".7 # (#0, /,/.' 0,('0,(.<'!/.' ."!(+40'"(1 6+.0'".01 . D--'/(.$"1 >37 

'8# .!!3'>#$,".7 . 6+#8"#:.+#$,".7. =2 +,:+,&#(/, >#3C", !(,() !3'>4*;.0 $,C"10 

9,8#0 $ D(#% #&3,!(.». 

E+,/(,3)"1', (.'. !('6'""1' .3. ,!.06(#(.<'!/.-!('6'""1' [4] +,!6+'>'3'".7 – 

D(# +,!6+'>'3'".7 ! (7C'310. 2$#!(,0. (BFG). @ /".8' [5] $ <.!3' 6'+!6'/(.$"12 0#-

>'3'% ('#+.. 0,!!#$#8# #&!34C.$,".7 46#0.",*(!7 «0#>'3. ! "(7C'310. 2$#!(,0." 

+,!6+'>'3'".%, 2,+,/('+.:4*;.2 $2#>7;.% 6#(#/ . 6+#5'!! #&!34C.$,".7». 

@ >#/3,>' +,!!0,(+.$,*(!7 !6'5.-.<'!/.' 6+#&3'01 .0.(,5.#""#8# 0#>'3.-

+#$,".7 (=H) -+,/(,3)"12 !'('% 0,!!#$#8# #&!34C.$,".7 (IH ) . 6+'>3,8,'(!7 4!-

/#+'""1% 0'(#> +,!<'(, .2 &4-'+#$. 

L('M1!/3 "'((!"),'I (!31$K3#$$ N(3")31O,.P (3+4(!0!1!,$I 

J+. =H +',3.:,5.7 -+,/(,3)"12 +,!6+'>'3'".% !#6+7C'", !# !6'5.-.<'!/.0. 

(+4>"#!(70. $1<.!3.('3)"#8# 2,+,/('+,. J#7!".0 .2 ", 6+.0'+' +,!6+'>'3'".7 J,+'-

(# Pa(K, K), #6.!1$,'0#8# 63#("#!()* $'+#7("#!('% (6.$.): 

1K

KK
 

!
t

K
)t(f ,             Kt, "# 0K ,  (1) 

8>' K – 6,+,0'(+ -#+01, K > 0 – 0.".040 !34<,%"#% $'3.<."1   (0,!9(,&"1% 6,+,-

0'(+). I##($'(!($4*;,7 -4"/5.7 +,!6+'>'3'".7 (-.+.) .0''( $.>: 

K)/(1)( tKtF $! ,            Kt " .  (2) 

I 4<'(#0 (1) k-% ",<,3)"1% 0#0'"( +,!6+'>'3'".7 J,+'(# (BJ) $1+,C,'(!7 $ 

$.>': 

%
&

!
K

kk dttftx )()(M
'
(

'
)

*

!+&

#
$!

...).,2,1(,K,

,K,
K

K

kk

k
k

K k

  (3) 

 (!*>, 6+. K > 1 ",2#>.0 /#"'<"#' !+'>"'' (0.#.) M(x) = KK/(K – 1), 6+.  K > 2  – 

/#"'<"4* >.!6'+!.* D(x) = M(x
2
)  – M

2
(x) = KK

 2
/(K – 1)

2
/(K – 2). 
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C8'"'+.+4'0 ", GPSS 6#!+'>!($#0 -4"/5.. Pareto(1,1,1.1) 100 03". "':,-

$.!.012 :",<'".% !34<,%"#% $'3.<."1 (!3.$.) x , Pa(K, K) 6+. K = 1, K = 1.1 . $1<.!-

3.0 !(,(.!(.<'!/.' #5'"/. M
 *
 . -*

 >37 0.#. M(x) . !+'>"'/$,>+,(.<"#8# #(/3#"'".7 

Lx. I#83,!"# (3) M(x) = 11 . Lx = M. N# 6#34<,'01' #5'"/. M
 *
 O 7.5 . -*

 O 380 !.3)"# 

#(3.<,*(!7 #( 6+.$'>'""12 (#<"12 :",<'".%. P,0'(.0, <(# !(#/+,("# &#3'' /#+#(/,7 

$1&#+/, .: 1 03". :",<'".% D/!6#"'"5.,3)"#% !3.$. >,'( #5'"/. >37 '' !+'>"'8# . >.!-

6'+!.. ! (+'07 (#<"10. :",<,;.0. 5.-+,0.. J+.<."#% &#3)9.2 #9.&#/ ("' $6#3"' 

#<'$.>"#%) :>'!) 7$37'(!7 >.!/+'(.:,5.7 6+'>!(,$3'".7 "'6+'+1$"#% !3.$. x. 

Q'%!($.('3)"#, >37 +',3.:,5.. !3.$. x , Pa(K, K), #&+,;,7 -.+. (2), 6#34<,'0 

-#+0434 . zKx $! 1/ , .3., 6+#;', . zKx /! , 8>' z , R(0, 1) – &,:#$,7 !3.$., +,$"#-

0'+"# +,!6+'>'3'"",7 ", #(+':/' (0, 1). F,/, $ GPSS -4"/5.7 Pareto(1,1,1.1) $1-

<.!37'( . $#:$+,;,'( <.!3# (1/((Uniform(1,0,1))^(1/1.1))) ('!3. ", $12#>' 

>,(<./, Uniform 6#7$37'(!7 "43), #" -4"/5.'% 6+#64!/,'(!7). I('6'") >.!/+'(.:,5.. 

!3.$. x , Pa(K, K) #6+'>'37'(!7 9,8#0 / >.!/+'(.:,5.. !3.$. z $ >,(<./' 

Uniform(1,0,1). ?(#( 9,8 !#!(,$37'( 0.000001, . Uniform(1,0,1)$1>,'( :",<'".7 

zi , {0.000000, 0.000001, 0.000002, …, 0.999999}, $1&.+,'01' !34<,%"# . +,$"#$'+#7(-

"#. @ +':43)(,(' -4"/5.7 Pareto(1,1,1.1) $0'!(# "'6+'+1$"#% !3.$. x , Pa(K, K) 

6+. K = 1,  K = 1,1 +',3.:4'( "'/#(#+4* >.!/+'("4* !3.$. y ! 6,+,0'(+,0.: 

,0296.8
R
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R
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,   9.387)(DL !! yy .  (4) 

S D(.0 M(y), Ly . 6+.&3.C,*(!7 #5'"/. M
 *
 O 7.5, -*

 O 380 $ #6.!,""#0 $19' 

D/!6'+.0'"(' ! $1&#+/#% 100 03". <.!'3 .: BJ. @ (,&3. 1 0#0'"(1 !3.$. y, +',3.:4*-

;'% !3.$. x , Pa(K, K) 6+. K = 1, K = 1.1, +,!!<.(,"1 6# -#+043,0 (4) >37 +,:3.<"12 R. 

&3M1$#3 1 

F3(3")!($+)$"$ +1.-.  y, (!31$KJQR!I +1.-.  x , Pa(1, 1.1) 

S M(y) D(y) $y TM = 11 – M(y) 

10
–4

 6.485 3433.8 58.6 4.515 

10
–5

 7.338 22821.9 151.1 3.662 

10
–6

 8.030 150449.7 387.9 2.970 

10
–7

 8.591 990215.9 995.1 2.409 

10
–8

 9.046 6515370.2 2552.5 1.954 

 

=: (,&3.51 0#C"# $.>'(), <(# M(y) . Ly ! 40'")9'".'0 R 6+.&3.C,*(!7 / 6,-

+,0'(+,0 M(x) = 11 . Lx = M. @ GPSS 0#C"# #&'!6'<.() 9,8 R = 10
 –12

, +',3.:47 !3.$. z  

$1+,C'".'0 (Uniform(1,0,1)+1E–6#Uniform(1,0,1)), /#(#+#' $#:$+,;,'( +,$"#-

$'+#7("1' zi , {0.000000000000, 0.000000000001,…,0.999999999999}, . >,C' 9,8 

R = 10
–15

. N# &#3'' 0'3/.% 9,8 6+'$+,;,'(!7 $ «0,9.""1% "43)». N,%>'0 ",.&#3)9'' 
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R, #&'!6'<.$,*;'' «6+.'03'04*» 6#8+'9"#!() TM = 11 – M(y) = 0.001. Q37 D(#8# 

"4C"# 6+#>#3C.() +,!<'(1 $ (,&3. 1 ># :",<'".% R = 10
 –12

, 10
 –15

 . >,3''.  >",/# 6+. 

(,/.2 :",<'".72 R +,!<'(1 6# -#+043,0 (4) !(,"#$7(!7 !3.9/#0 (+4>#'0/.0.. B,!<'( 

!400 >37 10
12

 9 10
15

 !3,8,'012 (+'&4'( #( "'!/#3)/.2 >"'% ># "'!/#3)/.2 3'( 0,9.""#8# 

$+'0'".. 

@16#3".0 +,!<'(1 !3'>4*;.0 #&+,:#0. U,!() :,$.!.0#!(. TM(R), 6+'>!(,$-

3'"",7 $ (,&3. 1, #(#&+,C,'(!7 67()* (#</,0. 8+,-./,, 6+. 3#8,+.-0.<'!/#0 0,!9(,-

&' 9/,3 3'C,;.0. ", .>',3)"#% 6+70#%. ?(# !$.>'('3)!($4'( # !('6'""#% ($ +,!!0,(-

+.$,'0#0 >.,6,:#"') :,$.!.0#!(. 0'C>4 TM . R. I('6'"",7 ,66+#/!.0,5.7 

TM(R) = 10.433·R
 0.0909

   (5) 

6+. '' .!6#3):#$,".. >37 +,!<'(, 67(. :",<'".% TM, 6+'>!(,$3'""12 $ (,&3. 1, 2,+,/-

('+.:4'(!7 6#8+'9"#!(70., 6+.0'+"# +,$"10. '>.".5' .2 03,>9'8# +,:+7>,. J# -#+-

043' (5) ",2#>.0 TM(10
–12

) = 0.846 , . TM (10
–15

) = 0.452. =(,/, TM 6+. R = 10
–12

 . >,C' 

6+. R = 10
–15

 $ !#(". +,: (!) 6+'$19,'( «6+.'03'04*» 6#8+'9"#!(). =!6#3):47 (5), 

(+'&4'0#' R ",%>'0 .: 4+,$"'".7 TM = 10.433/ 0.0909
 = 0.001. B'9,7 D(# 4+,$"'".', #6-

+'>'37'0 R O 6.21·10
 – 45

 O 2
 –147

.  (!*>, $.>"#, <(# >.!/+'("#!() $';'!($'""12 <.!'3, 

6+'>!(,$.012 $ #&1<"#% 32-+,:+7>"#% 0,9.""#% ,+.-0'(./', "' 6#:$#37'( #&'!6'-

<.() «6+.'03'04*» 6#8+'9"#!() +',3.:,5.. !3.$. x , Pa(K, K) 6+. K = 1, K = 1.1. 

F,/.0 #&+,:#0, #>"#% .: 6'+$##<'+'>"12 :,>,< 6+. =H -+,/(,3)"12 IH , 7$-

37'(!7 :,>,<, /#++'/("#% +',3.:,5.. -+,/(,3)"12 +,!6+'>'3'".%.  

5'0!1$('-3,$! +$+)!/ M|Pa|1, Pa|M|1 $ N(3")31O,.P 4')'"'- 

@ 6#:.5.72 #&#:",<'".% S'">,33, &4>'0 BJ 4/,:1$,() $ $.>' Pa. J+. !#6#!(,$-

3'".. +':43)(,(#$ =H !.!('0 M|Pa|1, Pa|M|1 ., #!#&'""#, !.!('0 Pa|Pa|1 ! (#<"10 ,",-

3.:#0 .2 2,+,/('+.!(./ ((,0, 8>' (,/#% ,",3.: $#:0#C'") #&",+4C.$,*(!7 !6'5.-.<'-

!/.' 6+#&3'01, #(!4(!($4*;.' $ «/3,!!.<'!/#0» #61(' =H IH . 

1. @ !.!('0' M|Pa|1 6+. K = 1, K = 1.1 . V = 0.5 (: = V/M(x) = 1/22) !+'>"77 >3.", 

#<'+'>. L = & (6+.<'0 L = & 6+. 3*&#0 V > 0, 6#!/#3)/4 M(x
2
) = &). J+. =H D(#% 

IH  ", GPSS ! #&1<"10 9,8#0 >.!/+'(.:,5.. R = 10
–6

 #5'"/, >37 V !2#>.(!7 6+.&3.-

:.('3)"# / 0.36 ("' / .!(.""#04 :",<'".* V = 0.5), , #5'"/, >37 L – 6+.&3.:.('3)"# / 

250. N# 6+. 6,+,0'(+,2 !"#$%&'(#))'*' $+'0'". #&!34C.$,".7 y ((,&3. 1, !0. !(+#/4 

R = 10
–6

), >'%!($.('3)"#, V = :M(y) 1 0.36, . (6# -#+043' G."<.",) L = 244.9 1 250. 

W!3. 6+. K = 1 :,>,() K = 2.1 (V = 0.5, : = 11/42, L = 1.19), (# =H >,'( >37 V 

#5'"/4 0.5 ($'+"4*), "# >37 L – :,".C'""4* #5'"/4 0.72.  5'"/, >37  L «$16+,$37'(-

!7» 3.9) 6+. K > 3. P,".C'".' #5'"/. >37 L – !3'>!($.' :,".C'".7 >.!6'+!.. !3.$. x. 

2. @ !.!('0' Pa|M|1 6+. &'!/#"'<"#% >.!6'+!.. >3.('3)"#!(. ; ."('+$,3#$ 6#-

!(463'".7 !+'>"77 >3.", #<'+'>. L /#"'<", ('!3. V < 1). I+,$"'".' +':43)(,(#$ =H 

!.!('01 Pa|M|1 . (#<"12 (<.!3'""12) +'9'".% 6+.$#>.(!7 $ (,&3. 2 (+,!!<.(,"#% $ 

[6]). P>'!) ; , Pa(1, K). X+,$"'".' >37 +,!<'(, L, $/3*<,*;'' 6+'#&+,:#$,".' Y,63,!,-

I(.3()'!, #( -.+. (2), +'9,'(!7 $ [6] <.!3'""10 0'(#>#0. J+. K = 1.1 #5'"/, V=H :,$1-

9,'(!7 6+#6#+5.#",3)"# :,".C'".* M(;), (.'. (!0. (,&3. 1) $ 11/8.03 = 1.36 +,:,. P,$1-

9'"",7 :,8+4:/, V=H 6+. >#!(,(#<"# &#3)9.2 V $3.7'( ", #5'"/4 L=H !.3)"'', <'0 :,-

".C'".' (&'!/#"'<"#') >.!6'+!.. !3.$. ;, . #5'"/, L=H >37 L :,$19,'(!7. S+.(.<'!/#% 

:,8+4:/#% V, 6+. /#(#+#% V=H Z 1 . L=H Z M, 7$37'(!7 V = 8.03/11 = 0.73. 

3. J+. !400.+#$,".. N 6#(#/#$ ! BJ ."('+$,3#$ ; 6+. K [ 1, (.'. ! &'!/#"'<"10 

($ =H – #<'") &#3)9.0) 0.#. M(;), .3. 6+. 1 [ K [ 2, (.'. (#3)/# ! &'!/#"'<"#% >.!6'+-

!.'% D(;), 0"#8.' !(,(.!(.<'!/.' 2,+,/('+.!(./. !400,+"#8# 6#(#/, (",6+.0'+, /#-

D--.5.'"( $,+.,5..) ! +#!(#0 N !&3.C,*(!7 ! 2,+,/('+.!(./,0. 64,!!#"#$!/#8# 6#-
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(#/,. J+. D(#0 8+,-./ D06.+.<'!/#% -.+. ."('+$,3#$ !400,+"#8# 6#(#/, $.:4,3)"# 

2#+#9# !#$0';,'(!7 ! 8+,-./#0 D/!6#"'"5.,3)"#8# +,!6+'>'3'".7.  >",/# $ .0.(,-

5.#""#% 0#>'3. 6+. ",6+,$3'".. !400,+"#8# 6#(#/, ", $2#> IH  ! D/!6#"'"5.,3)-

"10 $+'0'"'0 #&!34C.$,".7 !+'>"77 >3.", #<'+'>. #/,:1$,'(!7 ", 6#+7>/. &#3'' $1-

!#/#%, <'0 $ !.!('0' M|M|1, /#(#+,7 &1 !-#+0.+#$,3,!), '!3. &1 !400,+"1% $2#>"#% 

6#(#/ &13 >'%!($.('3)"# 64,!!#"#$!/.0. F,/.0 #&+,:#0, !400, -+,/(,3)"12 6#(#/#$ 

$ #&;'0 !34<,' / 64,!!#"#$!/#04 6#(#/4 "' !2#>.(!7. I34<,%"#' .2 6+#+'C.$,".' –

(#C': (#<"1' !##("#9'".7 [7] 6#/,:1$,*(, <(# '!3. 6'+$1% ($(#+#%) 0#0'"( 6+#+'C.$,'-

0#8# 6#(#/, &'!/#"'<'", (# . 6'+$1% ($(#+#%) 0#0'"( 6+#+'C'""#8# – (#C' &'!/#"'<'". 

&3M1$#3 2 

 (3-,!,$! '#!,'" U :5 $ L:5 + )'*,./$ K,3*!,$%/$ U $ L 

 V = 2.1,  M(W) = 1.90909 V = 1.1,  M(W) = 11 

U U :5 L L:5 U :5 L L:5 

0.1 0.100 0.0001 0.0001 0.136 0.035 0.047 

0.2 0.200 0.0067 0.007 0.275 0.369 0.505 

0.3 0.300 0.0364 0.036 0.402 2.037 2.733 

0.4 0.400 0.1106 0.111 0.532 10.75 14.409 

0.5 0.500 0.2635 0.264 0.673 49.81 98.139 

0.6 0.600 0.5640 0.564 0.831 251.2 859.316 

 

 $+)!/3 Pa|Pa|1 

F.6#$,7 0#>'3) 4:3, !'(. ! -+,/(,3)"10 (+,-./#0 – D(# IH  ! -+,/(,3)"10. 

+,!6+'>'3'".70., 2,+,/('+.:4*;.0. /,/ $2#>7;.% 6#(#/, (,/ . 6+#5'!! #&!34C.$,-

".7, .0'*;,7 n " 1 /,",3#$, – ",6+.0'+, IH  (.6, Pa|Pa|n|k. I6'5.-./4 0#>'3.+#$,-

".7 (,/.2 IH  0#C"# 6#/,:,() ", 6+.0'+' !.!('01 Pa|Pa|1 ! ."('+$,3,0. 6#!(463'-

".7 \ , Pa(1, 1.1) . $+'0'"'0 #&!34C.$,".7 x , Pa(1, 1.5). 

N, +.!. 1 !3'$, 6#/,:,"# .:0'"'".' >3."1 Q #<'+'>. $ D(#% IH . P",<'".7 Q, 

$:7(1' $ (#</,2 t = 10 (1!., 20 (1!., …, 6#34<'"1 64('0 =H, 6+. 9,8' >.!/+'(.:,5.. 

R = 10
 –12

. I6+,$, ", +.!4"/' >37 ('2 C' t 6+'>!(,$3'" 6+#5'!! Q+!(t), 6#34<'""1% 4!-

+'>"'".'0 50 "':,$.!.012 (+,'/(#+.% #5'"/. >37 L (,(+.&4(, QAj $ GPSS).  <'$.>-

"10 7$37'(!7 +':/#' #(3.<.' D(.2 2,+,/('+.!(./ !.!('01 Pa|Pa|1 #( 2,+,/('+.!(./ 

/3,!!.<'!/.2 IH  (.6, M|M|1. P,0'(.0, <(# $ 0#>'3.+4'0#% IH  Pa|Pa|1 V = 0.3. 
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A+"'(!,,.I /!)'0 (3+*!)3 MJN!('- N(3")31O,.P  56 

B,!<'( &4-'+, -+,/(,3)"#% IH , 8,+,"(.+4*;'8# 0,34* $'+#7("#!() P 6#('+. 

:,7$/. (",6+.0'+, P [ 10
–8

), (+'&4'( 6+. "'6#!+'>!($'""#0 =H "'6+.'03'0# $1!#/.2 

:,(+,( $+'0'"., #&4!3#$3'""12 "'#&2#>.0#!()* #5'".$,() 0,34* $'+#7("#!() P 6+. 

&#3)9#% >.!6'+!.. >3."1 #<'+'>. . >3.('3)"12 6'+'2#>"12 6+#5'!!,2 $ !.!('0'. 

J+'>3,8,'01% ,",3.(./#-.0.(,5.#""1% 6#>2#> 7$37'(!7 0#>.-./,5.'% 0'(#>, 

D/!(+'0,3)"12 !(,(.!(./ [8]. J+. 0,312 P <.!3# #(/,:#$ N0, /#(#+1' 6+#.:#%>4( &# 

(!",- .#))'*' /"!%'.# )"/!"!0()'1 &#)-2'+2% (JNP) +%+2",0 + 3"+4')"5)0, 367"-

!',, '!3. '8# :,0'".() &4-'+#0 #&]'0, m, 0#C"# #6+'>'37() 6# -#+043' 

N0 = max{Qmax – m, 0}, 

8>' Qmax – 0,/!.0,3)",7 >3.", #<'+'>., >#!(.8,'0,7 ", D(#0 JNP 6+. &'!/#"'<"#0 &4-'+' 

[8]. E#+043, 6#:$#37'( 6# #>"#04 6+#8#"4 0#>'3. ! >#!(,(#<"# &#3)9.0 <.!3#0 JNP 

+,!!<.(,() #&;'' <.!3# #(/,:#$ !+,:4 >37 0"#8.2 :",<'".% m . 6#34<.() !##($'(!(-

$4*;.' #5'"/. P = P(m) (+.!. 2), !#/+,;,7 ('0 !,010 $+'07 =H ", >$,-(+. 6#+7>/,. P, 

6,+4 !'/4"> 0#>'3.+#$,".7 !.!('01 Pa|Pa|1 (.: 6+'>1>4;'8# +,:>'3,) -#+0.+4'(!7 ",-

&#+ >,""12, 6#:$#37*;.% 6#!(+#.() ,66+#/!.0,5.* :,$.!.0#!(. P(m). F,/, ", +.!. 2 

6#!(+#'"1 D/!6#"'"5.,3)",7 (!3'$,) . !('6'"",7 ,66+#/!.0,5... 

@ 5'3#0 $17!"7'(!7, <(# >37 -+,/(,3)"12 IH  !('6'""1' ,66+#/!.0,5.. :,-

$.!.0#!(. P(m) $'!)0, (#<"1. Q37 46#07"4(#% IH  Pa|Pa|1 D/!6#"'"5.,3)"1% 6+#-

8"#: $'+#7("#!(. P ", (#</4 m = 700 >,'( P
*
 = 1.1010

–8
, !('6'""#% – P

*
 = 0.0022, =H 

(6+. 6+#8#"' 1 03". :,7$#/) 6+. m = 700 >,'( P
*
 = 0.0024. @#:0#C"#, >37 -+,/(,3)"12 

IH  ,!.06(#(./, P(m) 6+. m < & >'%!($.('3)"# !('6'"",7 (:,0'(.0, <(# $ !.!('0' 

M|M|n|m :,$.!.0#!() P(m) ,!.06(#(.<'!/. D/!6#"'"5.,3)",7). =: !('6'""#8# 4+,$"'-

".7 P = 0.5462m
 –0.8468

 (+.!. 2 !6+,$,) ",2#>.0 m(P) = exp(ln(0.5462/P)/0.8468).  (!*>, 

(+'&4'01% >37 P = 10
 –8

 #&]'0 &4-'+, m = exp(ln(0.5462010
8
)/0.8468) = 1.4010

9
. 

P  = 0.06297e
-0.02222m

R
2
 = 0.97738
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 !". 2. #$"%&$'(!' )*+ P(m) ,-".$('(/!0*1($2$ ("*'30) ! "%'.'(($2$ 4&03('(!5 &'2&'""!! 

( !"#$ P #%&"'()*(+,-!(,;  !"#" m -.'"/" 0"!1, #%&"'()*(+,-!"2; *"'!,'$ – 3"44$, 56) 

60-*78'(!' 

7',3#%1,44$8 .%39%3 ! '"-+,0: ;:),'%/ 3#2 :<#%/ -,0,8 - )'"!0"#=4$* 0'"-

)(!%* .%</%#2,0 %.',3,#20= '"<*,'$ ;:),'%/ - 3%-0"0%+4%8 0%+4%-0=>, -%!'"?"2 

/',*2 56 4" 4,-!%#=!% .%'23!%/. 5<#%1,44$, ',<:#=0"0$ .%</%#2>0 .'(*,420= @0%0 

.%39%3 ! *4%&%!"4"#=4$* A6B ( (--#,3%/"0= @)),!0$ -:**('%/"4(2/.'%',1(/"4(2 

)'"!0"#=4$9 .%0%!%/ (/ !%40,!-0, <"3"+ ;:),'(<"C((), :+(0$/"2 .'%;#,*$ ',"#(<"C(( 

)'"!0"#=4$9 '"-.',3,#,4(8. D!-.,'(*,40$ .%!"<$/">0, +0% <"/(-(*%-0= /,'%204%-0( 

P .%0,'( <"2/!( %0 '"<*,'" m ;:),'" )'"!0"#=4%8 A6B .'( m   ! ;#(<!" ! -0,.,4-

4%8. E!0:"#=4" <"3"+" )%'*"#=4%&% "-(*.0%0(+,-!%&% "4"#(<" @0%8 <"/(-(*%-0(. 
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